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Abstract We develop an efficient technique of controlling chaos using M-step ahead prediction with the OGY
method. It has smaller transient time than the OGY method, and prevents burst phenomena that occur in noisy
environment. This technique is very simple and needs small memory compared with targeting algorithms.
Numerical examples show that the proposed algorithm has good performance, especially in noisy environment.

Keywords Chaos, Control,

1. A&
T 5Y EEHAAL ¥ HAEA ity Ao o
ot EEUAL o|® A vEAT gAY AR R AP
228kA 7] W Fel EEHULE F/1HU Ro 2 v EEHY

o Aol ¥ FolE Fa doH1,2]. Ott, Grebogi, Yorke (OGY)
Bie A2 hsd Alad oo ded 2 AE4£-Q W
2H EERYRENY XA #7173 A2 (UPO:Unstable
Periodic Orbit)& tA #3tgirt. o] W& A g 72| chekdt 44

g FLo

*I*%J[45]°ﬂ 3340z 4gslolAn Yo shiel £714 Ax
oM the #7174 A= 2ol Hek(switching)346]1 E 3 £o] 75
s, Hm TEUHE BolA G A2WE st uSE 54

FEE Aojdlrldle dui oz 2 Ao NEE WA E Fof.
TOGY e F 7o 2l & 7HA 3 vk AAMZ OGY Hye
TEJFALRFHY F ALE Ao/t 7hed dH oz 7HA 27 ¢8
o o232 A 4eA (ergodic wandering)oll &8} W iLo] B
T EAA FUIH HEE AHBE] st Ao He Al
ol avHEY EANZ FH Fgol EAGE HE Ao i A%
7b A7t A5 d F9E yleluAl Hel OGY We gdEy
(burst phenomenon) S ZAH T 233 A =& Aoj7t 15s g A
L2 OgA A EE HAS Hh dvrH o= )
FoAMe FE d%E 0¥ F gonz s XWHYA Gao)
2 ¥ 5 Ao

Barreto 5 [6]2

&} A

[o]
<

‘ A

LA F71H AEE Ydte Mg
SAZ MR e 7 dele BE ALE Eol7] HE UF gAY
(tree targeting) WY & ol &3t A (switching) ¢ el 5L At
Bt 4T BAY el s B AAE 2 R ole]l s
AR Are 2 UFE AEH Y. dd A7 YR 3 71A
el geAA HY AEE Al 4 gole Y FEHNR

R E opet S0l Ul SR % ojelet G AW e 4R
£ v ge sol8 o] Wadn] gaol EAsE AgelA
AEE g welx YRE ga §404 %1 2O e
U%E gy "o gead U A" e gl A 87

85

M-step ahead prediction, OGY method, Targeting

wAgson ¢+ A

AHE MBA A3 HE o §8ted HE7] AL
Feol 43 A ES At Ade gnYse
AHE el Ahel ojpE ol EH?‘SM Axe F U
At gyolth At YnAFLE OGY ol
slerz WA OGY Wyel fshel *s.ng @,

=

ol a1

2. OGY w4y

OGY WiolH A2 e thes) g NAbo| w4y g0z
vebtha b sk,

Eni1 = f(&, D) M

A7 pE HE e A" w2 oF
FTAHCZ FL W WM dstd 5 Aot 7MAs: 22 o R
e dste Wele |8, | (Op 2 @RH AL a2y AAHY
o2 44 g3 7?%?'5“’&[89] EAE 23 ] dsd #
Rl 22 Aladute e rIR st BGAS FH A
T FAAYUy 2 A, 6r, 0.2 7R FTh OGY W
of MEE AA AX dabes EdAT nAH A & wWAR
Zittel M ohg 9 kB (iteration)o] BT n A A E MY
A (manifoid)dol 2 =5 vi7id5 p& WA 7 & Aot 28 A
371 At ARG DAY Ep ok MR ANFEG py A
M b ol fE 1A A $d

NER® '

A& 1

O

88,1 = ABE, + wip, @
dol Mol 88, = £ -~ £r, 89 = b — ppold
A= Defler b, w = SLier pyoimt we Ax uy
A = Ape S, + Aef 2 UEIHS] A F o e (e)E=
AA)E DHAZ AANE Al2ee] A (IR D6 HE o] T}
S S fore, = furee= 0% fireo = fore, = 1



Wejolrt. £,5, 0 DA AR YA Yol 2=
w88y = 0 02HE PdojAy A o}
w = Do + 6p,oNdld Ao F4o] AdojHr}

AZFE M2

Au
Jurw

aﬂﬁ = fll : 85'] (3)

Kl

Aoje odojxl Ajoldse] Wt dp,ol HEH AEeu
(1 8p,] < 8p)ol & Aol Yo xn] 21| B B
e 4] Btk F Aol £,0] AojrtEd g | 884 < 8, el
ZAgelet Qsb g WslM 888 = f,- 88,0%
8 = 8| (furw)AL'| olth 2dE= A=E Aostsd
Qo B2t A TE AL Kol 1@ FE5) A rE
z7|zgel A7sA F%S Hevh FFRA HEI AT (0>
8p. 7t ZaFel ure} Zsbstel, e pol WEtel A5

59 Bl & IR HEr] e BAHow

f

0

EAste

rr

E;ﬁo
=

(o> ~ sptel Ay = 1+ LinlAl/inlal e
310 YMHO R Sp, 7t AL O B GR (7>
W 2 gg wEch ALY Gl ekl obus] Ak we
Yol 8, HHA@e $el AsksAT. 5, (8,5 = 00l
2 m* noll et (§,8,> = 0 GERFoIT f, - 8,
S Ao 8L, = 8L E PeTh @A &Y — f,- 8,0t B
@ Age |84 < 88 AT WAso Feol £, %
Aol g stoz Yol yg ey, dp, 7 Aok
o WA ANE HAPAE oS AF ol At

rr

[s]
<

[

°]

GEE e

HES M

Hol X A71E £A) Aek7] fstel MGA o8y
o] §3 M2 YnAFE ANV} WA KN %z te
pRCHHA hstd KN Aehsg 7z}
2a(0 B3 Bt A7 2, (D) = F(&.. P,
i = 1,2,..., Kool si/huis po| MaMNE 9ol OGY ol
Msk ol | 8] < Sp.2 VAT The e A2 o= A H
Zo] Aloirbs el YA E SAwch By Ao|str A
of &d Aeirk Antd 15F | 6284, | & HaEE plE
oz Mgt AR Axe A5 F el UA HuZ o
#4 e FHH D OGY Byo] Al
N AREY. WY 3y

AFEHL 158

2 puir® OGY ol
Hejgel BE Alolts gl

o Fof Attd ofF Ao o WaEHAHY F HA EH A4H
£ gn+2n(l D= .f(gn+1 «(D), ﬂj), Jj=12,...,K°l
W Z}2}ef] diEted Aojstsgdgulel AEx sk v Ao

teddel dzE Azt dvtd | 524, .| B Hasee

86

piot p1E A p,o p,., o2 MEuT Yo BFHES Aviy
p = {pL 9% ... h™ & muAe
Aest Mok Ul e AS | 624,,] & Hasg
oARSe  Wyteln off £y = f(&.. B,
Barz = f(Eur1s %) oivy Enim = [(Enim-1, D7) O] HTH
Coime Aol7lsF A JoB2 £, i1 & OGY "o o8}
H LA puiml Eurm®l AolUHOZ AP OZR LA
gk wy MHA o BARA At EFG o] Selt o
At QhE p, = po R -+l UA ATAM oEHAE
ThA] AlZHge) ola @ S HAL o3 HHt Ao ted gy
ol ol g Wirta HEeldch W AMojd AL FLol o5t

ahof Lhehe the 3} 2ok,
ER

ae

Aotz d9gE gojue s dEFHAL oA Alzgd
Hts 4 EL ALE Mot gEoz HUl= mAds

mlm

g7 Wil OGY Wiel ugtd HE7|Ake] Eo{ET)
et Ay A= AE Ko ME FoHAdezq ¢
U UXwE aF S eue AFFEHoR soldr)
HEZ Fuel zHgol ofstal ot AojAFPAdE ok A
| 6% & 8.8ttt o & g AR £, & obF 1A
Sl HER Aty ARG & A3 vHY ¥ f = 2A4H
F 2 APAEALE /HAER AU GRS E oG8 EA FH

A el MEE Aot sdHo 2 BlE AoHS pE Y F o
SR OGY #iol A& AR F9 el gl ofetad Aoj st
£ ylold A% oA A=} AelrtsEger Eoj0R
L F OGY WX e dddYe I 5 gk

184

A

=

=

t}.
3
7]

9_‘5
cheoFet e,

\__

4, 29 49

A dudEYd 45 & 2037 918« Henon mapell At
s duelE S A48t Henon mape ©hg 9] 2319 w3 whx
Aoz FHEHTH

A - x% + By,
Xn

(4)

Ratuck A7t 128U A& FAe=
o AgEsE A = A, + p.0l @
AojWFoltt, A, = 1.4 &
TEAHE Holm FUHFU Lty

DFEE shAY 2y AYelM:E K = 3,
8., by =0, by = 6p.22 HH}AZL M= 29
Joll et astgict, At dnF YFA FEI A7
of thated Loty gated EE FU AN W Ao gYejz Me

map-<

# 271205 % ol g3l AFH Bel AU FASAY. FE]
N RREE o2 WAS] 186 Wihel HEH ol
& Aoz sglon oo datel Ha FE7] AT A



2 2dA%E E 19 Gk & [ Fo{3 upe} o] F2
Ko Mo digtdx k7] AHe 433 gogg ¢ 5 Arh
gtAwk 8p. 7t g AL FS(8p. = 0.ODACE e FL 2
oA 2 A% g4E 2ol Radrh olfE &p. ot olf FAL

S Ade FnEe N FE ADNL GG F U] W]

ANEe a7t EAEE A AT g E A5 € Yot
#ated W B gho] B &g dejel A 2o AE g FH&HAT
Z B AAge 0.301A% 0.33 028 2o AHL FYa
o, Eof AY FAve § O vetidch. X Ho B3 vpo}
o] At Gl FE7] A2 OGY B vdtd o5
AL o F Udh

FW zhgol o ol date] golrr] st A2 &8,
el & WA S Hot A FERFA S, 6,2
M2 SYgoln] YFgol 0ol BFE U7 19 A7 $EREE
eth e gl AVIE FHIE ARSI T B 2ol 4y
AME Ay = 1.29, 8 = 0.22 &2 20A Sy S AL &3
dow ¥ig BE RAEE #& ARsh AMgd duEEe
Aoz Hdg 271208 2000 B3 F H LA, F ke

2 3g dde)] g 2o AYFHRA x, 9 Al HOlEE ¥
1o Jetdde y, & x, 3 Ao H£F SA4E Holnz 1Y
Iols vdetlx] obusith 29 19 (a)9} (b)elH OGY Weol
AHEd B ggd o] vt vk AiQHe duE Eol A& H

= gd¥Hgel AR AL S ¢ 5 Atk AL WS FAAA
o AYE& 3 A% Ans 29 19 ©F (el dEhRUTH
stgEAdo] Aot g So] AHEE A% H AT OGY
Hiio]l AL H ALe ASE FEHALR AFd A=A gL
WY ge S Holxm gk, W5 Bol BTl g AS
(B = 0.3)9 Az 29 19 wW$ viksdch

i N
0 800 1000

0 200

400 G
Wteration (n)

(a) OGY %, € = 4.0 x 10°°.
(a) OGY method. € = 4.0 x 107°.

" A L i i 1 " i
100 200 BVO 400 GOU  GBUU 700 HOO VOV
Hteration (n)

(b) 2%A S, & = 4.0 x 1072,
{b) 2-step ahead prediction method. € = 4.0 x 10 2.

] 200 400 GOO 800 1000
teration (n)

{¢) OGY W4, & = 6.0 x 1072,
(c) OGY method. € = 6.0 x 107°.

" " . L i < " .
100 200 BU0U 400 GO GOL 70U BOO VOO
Neration (n)

(d) 22A A=Y, e = 6.0 x 1072,
(d) 2-step ahead prediction method. & = 6.0 x 10 2.

a8 1L F&eol EAgte @36 AMol¥ Henon map9 Azt
&5 (x,). AelEs 2004 wrE(iteration)FE 719,
B = 0.33(4A%& 0.3).

Fig. 1. Time series x, of the controlled Henon map in noisy
environment. Control is initiated at iteration 200. B is

known to be 3.3 but the actual value is 0.3.
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Table I. Average transient time of each control algorithm for various &8p..

8p.= 001 6p,= 005 6p. =01 Bp. =02
OGY method 1354.7 247.66 101.97 22.73
2-step ahead prediction method 300.25 26.21 9.12 6.18
3-step ahead prediction method 268.95 18.1 7.89 5.94
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Table H. Average transient time of each control algorithm for various 68p. in the

case of existing parameter mismatch.

8p.= 001 6p.= 005 68p. =01 6p. =02
OGY method 5477.02 270.72 138.08 24.17
2-step ahead prediction method 1569.21 198.82 9.50 6.66
3-step ahead prediction method 1480.13 29.68 8.41 6.21
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